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ABSTRACT 

Water  resource  contamination  is  still  a  major  concern  in  several  regions  of  developing  countries,  especially  in 
the  Democratic  Republic  of  Congo  (DRC)  in  which  polluted  waters  poses  serious  risks  to  human  health  and  the 
environment.  The  aim  of  this  study  was  to  assess  the  inter-annual  and  seasonal  changes  in  physicochemical, 
bacteriological  parameters  and  community  composition  of  macroinvertebrates  in  the  rivers  in  Mikeno  sector.  The 
physicochemical  parameters  analysed,  including  pH,  temperature,  electrical  conductivity,  total  dissolved  solid,  total 
suspend  sediment,  dissolved  oxygen,  biological  oxygen  demand  after  5  day  incubation,  chemical  oxygen  demand, 
alkalinity,  total  hardness,  calcium  hardness,  magnesium  hardness,  chloride,  sulphate,  total  phosphorus,  soluble 
reactive  phosphorus,  total  nitrogen,  ammonia,  nitrate  and  trace  of  heavy  metals  collected  from  rivers  and  springs  in 
Mikeno  sector  using  standards  methods  for  water  analysis  during  the  period  of  two  years  (2015-  2016).  The  results 
indicate  the  annual  and  seasonal  difference  in  the  physicochemical  composition  of  water.  All  physicochemical  values  in 
general,  analysed  in  the  springs  and  rivers  were  low  during  the  sampling  period  in  the  two  years.  Water  analysed 
during  the  two  seasons  appear  to  meet  drinking  water  standards,  according  to  the  WHO  guidelines.  But  for 
bacteriological  aspect  some  springs  contained  a  high  coliform  count  and  need  to  have  specific  treatment  before  to  be 
used  for  drinking.  Rwinkwi  River  had  a  high  species  richness  with  19  taxa  and  Nyabisika  River  was  poor  in 
macroinvertebrate.  This  study  is  important  for  the  present  situation  and  can  be  applied  in  similar  environmental 
compartments  in  the  future  to  assess  the  availability  of  safe  drinking  water  in  developing  countries. 
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1.  INTRODUCTION 

The  quality  of  surface  water  is  a  very  sensitive  problem  currently  in  the  world.  The  increased  demand  for 
water  from  the  growing  population  in  the  recent  decades  poses  various  problems,  both  qualitatively  and 
quantitatively  (Ramdani  et  al. ,  2012).  Water  is  an  essential  ingredient  for  the  maintenance  of  life,  safe  and  healthy 
environment  for  aquatic  biodiversity  (Hassan  et  al.,  2016).  The  importance  of  access  to  safe  drinking  water  and 
effective  sanitation  is  fundamental  to  any  transformation  of  development  and  linked  to  the  overall  achievement  of 
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the  Sustainable  Development  Goals  (SDGs). 

Rivers  and  springs  water  are  vital  and  vulnerable  freshwater  ecosystems  are  critical  for  the  sustenance  of  all  life. 
They  play  a  major  role  in  controlling  the  global  water  cycle  and  in  the  hydrologic  cycle.  They  are  the  most  dynamic  agents 
of  transport  (Dalai  et  al.,  2004).  However,  the  declining  water  quality  of  these  ecological  systems  threatens  their 
sustainability  and  is  therefore  a  matter  of  serious  concern.  The  quality  of  water  may  be  described  according  to  their 
physicochemical  and  microbiological  characteristics  (Shah  et  al.,  2007),  but  also  macroinvertebrates  assemblages  (Azrina 
et  al.,  2006;  Mariadoss  and  Ricardo,  2015).  Environmental  variability  in  time  and  space  is  known  to  shape  the  distribution 
of  organisms,  their  interactions  and  their  adaptations  (Wiens,  1986).  Such  spatio-temporal  variability  is  a  basic 
characteristic  of  running  water  systems.  However,  the  surface  water  quality  is  deteriorating  due  to  anthropogenic  activities, 
industrialization,  farming  activities,  transportation,  urbanization,  animal  and  human  excretions  and  domestic  wastes  (Gaur 
et  al,  2005).  It  is  a  common  practice  for  people  living  along  the  river  catchments  to  discharge  their  domestic  waste  as  well 
as  human  excreta  into  rivers.  Wild  and  domestic  animals  using  the  same  drinking  water  can  also  contaminate  the  water 
through  direct  defecation  and  urination.  The  biodiversity  composition  and  richness  of  most  of  the  Earth’s  major 
ecosystems  are  changing  as  a  result  of  harvesting,  habitat  destruction,  pollution,  exotic  invasions,  and  climate  change 
(Uwadiae  et  al.,  2012). 

Variation  in  the  quality  and  quantity  of  river  water  due  to  natural  and  anthropogenic  activities  is  widely  studied  in 
the  case  of  several  world  rivers  (Gupta  et  al.,  2011;  Srivastava  et  al.,  2011;  Jena  et  al.,  2013).  The  interactions  of  both  the 
physical  and  chemical  properties  of  water  play  a  significant  role  in  composition,  distribution  and  abundance  of  aquatic 
organisms  (Gangwara  et  al.,  2012).  Most  interestingly,  freshwater  macroinvertebrate  species  vary  in  sensitivity  to  organic 
pollution  and,  thus,  their  relative  abundances  have  been  used  to  make  inferences  about  pollution  loads.  In  natural  pristine 
rivers,  high  diversity  and  richness  of  species  could  be  found  (Armitage  et  al.,  1983).  The  anthropogenic  impacts  on  water 
quality  and  the  distribution  and  diversity  of  macroinvertebrates  had  been  reported  in  the  literature  (Nedeau  et  al.,  2003). 

Water  quality  in  rivers  is  an  important  problem  for  water  environment  management  and  for  population  using 
water  for  their  daily  activities.  High  discharge  events  and  physicochemical  change  of  water  quality  can  cause  severe 
population  losses  and  changes  in  the  community  composition  and  structure  (Lytle  et  al.,  2008;  Mesa,  2012).  This  temporal 
variability  has  great  influence  on  the  emergence,  reproduction,  growth  and  development  of  aquatic  macroinvertebrates  and 
the  seasonal  replacement  of  the  organisms  (Bogan  and  Lytle,  2007).  The  spatial  temporal  distribution  of  water  quality 
could  provide  dynamic  information  for  the  decision  maker  of  water  environment  management  (Yel  et  al,  2003;  Xu  et  al., 
2012).  It  is  necessary  to  properly  evaluate  the  spatial  and  temporal  pattern  of  water  quality  in  rivers  and  springs. 

Spatio-temporal  variation  analysis  of  water  quality,  macroinvertebrate  species  and  identification  of  water 
pollution  sources  in  the  Mikeno  sector  watershed  is  very  important  for  water  resources  protection  and  sustainable 
utilization.  Then,  Greater  Virunga  Transboundary  Collaboration  (GVTC)  undertook  a  hydrological  study  in  the  Virunga 
massif  (Mikeno  sector  of  PNVi  (Parc  National  des  Virunga),  Volcano  National  Park  and  Mugahinga  Gorilla  National  Park) 
to  understand  the  water  scarcity  and  associated  conflicts  in  the  Greater  Virunga. 

The  aim  of  the  research  presented  in  this  paper  is  to  assess  the  level  of  physicochemical,  microbiological 
parameters  and  heavy  metals  in  water,  which  are  important  in  the  evaluation  of  drinking  water  quality  (WHO,  2011)  and 
macroinvertebrates  assemblage  structure  and  composition.  The  assessment  was  based  on  water  physicochemical 
characterization  including  pH,  electrical  conductivity,  dissolved  oxygen,  some  soluble  ions  and  toxic  metal  such  as  Cr,  Ni, 
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Cu,  Zn,  Hg,  Cd,  Se,  Fe  and  Pb.  Microbiological  assessment  was  based  on  germs  such  as  Klesbiella,  Enterobacteria, 
Escherichia  coli,  Hafnia,  Serratia,  Citrobacteria,  Salmonella,  Shigella,  and  Vibrio  cholera.  Then  the  macroinvertebrate 
assemblage  concerned  all  aquatic  macroinvertebrates  contained  in  rivers  and  streams.  Water  samples  were  taken  in  both 
the  dry  and  wet  seasons  during  two  years  (2015  -  2016)  and  analysed  to  identify  whether  or  not  there  were  any  changes  in 
water  quality  with  the  season. 

2.  MATERIAL  AND  METHODS 

2.1.  Description  of  Sampling  Sites 

The  assessment  was  carried  out,  in  and  around  Virunga  National  Park  in  Mikeno  Sector,  within  the  Virunga 
landscape.  The  assessments  were  restricted  to  water  points  considered  during  the  previous  hydrological  study  in  the 
Virunga  massif  (Karume  et  al.,  2016).  These  include  Kabaya  source,  Kabaya  River,  Rwankwi  River,  Indata  River, 
Rutshuru  River,  Kamira  River,  Kamira  source,  Kiwerha  source,  Kiwerha  River,  Kanyamarebe  source,  Kanyamarebe  River, 
Rutshuru  River  (inlet),  Nyabisika  source  and  Nyabisika  River.  The  same  water  sampling  points  used  during  rain  and  dry 
seasons  2015  were  used  during  2016  for  monitoring  water  quality  and  quantity  in  Mikeno  sector  and  macroinvertebrate 
assemblage.  The  figure  1  presents  the  localization  of  sampling  points  in  Mikeno  sector. 


Figure  1:  Map  Showing  the  Sampling  Points  in  Mikeno  Sector 


2.2.  Sampling  and  Physicochemical  Analysis  of  Water 

Based  on  the  type  of  water  source,  two  methods  were  used  to  determine  the  quantity  of  water  at  the  sampling 
source.  For  a  river,  discharge  was  measured  by  determining  the  velocity  of  a  floating  object  and  the  total  cross-sectional 
area  of  the  river  following  the  Floating  Method  procedure  (Bartram  and  Ballance  1996;  Bagalwa  et  al.,  2012).  For  source 
and  borehole,  bucket  and  stopwatch  method  were  used.  Very  easy  method  to  estimate  discharge  by  simply  measuring  the 
time  it  takes  to  fill  a  container  of  a  known  volume.  This  method  only  works  for  systems  with  fairly  low  flow  volume.  A 
bucket  of  10  liters  was  placed  underneath  to  capture  all  the  discharge  and  a  stopwatch  was  used  to  estimate  the  time 
necessary  to  fill  the  bucket  (Michaud  and  Wierenga,  2005).  Three  measurements  were  done  for  each  source,  borehole  and 
a  river. 

For  water  quality,  surface  water  temperature,  pH,  Electrical  Conductivity,  Total  Dissolved  Solid,  Dissolved 
Oxygen  (DO),  five-day  Biological  Oxygen  Demand  (BOD5),  Chemical  Oxygen  Demand  (COD),  Total  Hardness,  Calcium 
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hardness.  Magnesium  hardness.  Calcium,  Magnesium,  Chloride,  Sulphate,  Alkalinity,  Total  phosphorus,  soluble  reactive 
phosphorus.  Total  nitrogen.  Ammonium,  Nitrate  and  TSS  were  measured.  The  analysis  followed  the  procedures  described 
in  Golterman  et  al.  (1978);  APHA  (2006);  Wetzel  and  Liken  (2000). 

Samples  were  collected  dining  different  times  of  the  day.  Water  was  collected  at  a  depth  of  30  cm,  near 
midstream.  The  temperature,  pH  was  measured  using  a  YSI  PROFESSIONAL  PLUS.  The  meter  sensor  was  dipped  into 
the  water  and  the  temperature  reading  was  recorded  after  the  meter  had  stabilized.  At  each  sampling  point,  two  water 
samples  were  collected  in  prewashed  glass  bottles.  Concentration  of  DO  in  the  water  was  determined  after  fixation  in  the 
field,  following  the  iodometric  Winkler’s  method  (Golterman  et  al.,  1978;  Olapande  and  Omitoyin,  2012).  BOD5  was 
measured  as  the  decrease  in  DO  after  incubation  in  the  dark  at  20°C  for  five  days  (Olapande,  2011).  Other  water  samples 
were  taken  in  plastic  bottles  at  the  same  time,  for  other  chemical  analyses  (heavy  metals).  The  plastic  bottles  were  rinsed 
before  overnight  with  1M  HC1  and  then  with  distilled  water.  All  measurements  were  made  in  duplicate.  Data  were 
compared  with  UNECE  (1994);  FEPA,  (1991)  and  WHO  (1993)  standards. 

2.3.  Sampling  and  Heavy  Metal  Analysis  of  Water 

For  heavy  metal  variables  relevant  to  human  health  such  as  Hg,  Cd,  Fe,  Zn,  Pb,  Ni,  Cr,  Se  in  water  samples  were 
delivered  to  the  INES  laboratory  in  Musanze  for  analysis.  Analyses  were  conducted  using  direct  determination  by  flame 
atomic  absorption  spectrometry  as  described  in  ISO  8288  (ISO,  1986) 

2.4.  Sampling  and  Bacteriological  Analysis  of  Water 

Samples  were  collected  in  clean,  sterile  polypropylene  200  ml  bottles.  Before  the  bottles  were  washed  with 
deionized  water  and  sterilized  in  the  oven  at  60  °C  overnight.  At  the  field,  bottles  were  washed  thrice  before  collecting 
sample.  All  samples  were  kept  in  a  refrigerated  cool  box  and  transported  to  the  laboratory.  All  analyses  were  completed  at 
the  Laboratory  of  Bacteriology  at  Goma  Volcano  Observatory.  Analyses  for  total  coliform,  faecal  coliform  and  faecal 
streptococci  were  made  in  accordance  with  standard  methods  (APHA,  1995).  Nutrient  agars  (NA),  Salmonella-  shigella 
agar.  Thiosulphate  citrate  bile  salt  sucrose  agar  were  used  to  determine  heterotrophic  bacterial.  Salmonella  and  Shigella, 
Vibrio  cholera  respectively.  Isolates  were  confirmed  by  some  conventional  biochemical  test  (SCA,  2002). 

2.5.  Macroinvertebrate  Sampling  and  Analysis 

The  benthic  macro-invertebrates  were  collected  using  a  standard  form  hand-net  of  30  cm  wide,  20  cm  high  and  50 
cm  long  with  mesh  size  of  500  pm.  They  were  collected  along  the  river  stretch  in  a  stream  direction  with  an  effective 
sampling  effort  of  10  minutes  per  person  (Olivier  and  Scheiderman,  1956).  The  presence  of  stones  in  the  riverbed  and 
water  plants  were  taken  in  the  hand-net  and  washed  in  a  bucket  to  collect  macro-invertebrate  attached.  The  collected 
organisms  were  stored  and  preserved  in  formalin  4  %  on  the  field.  Identification  was  made  at  the  malacology  laboratory  of 
up  to  the  species  level  when  possible  using  the  keys  of  determination  of  Needhan  and  Needham,  (1962)  and  Micha  and 
Noiset,  (1982).  If  the  species  were  not  found  in  the  key,  the  identification  was  restricted  to  the  family  or  genus  level. 

2.6.  Statistical  Analysis 

Pass  18  was  used  to  compare  the  seasonality  and  annual  physicochemical,  bacteriological  parameters  in  the 
different  sampling  sites  in  Mikeno  sector.  T-test  and  ANOVA  one  way  was  used  to  compare  the  statistic  difference 
between  the  parameters. 
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3.  RESULTS  AND  DISCUSSIONS 

3.1.  Water  Quality  Trends 

Seasonal  change  of  water  quality  during  the  4  seasons  (2015  and  2016)  in  the  Mikeno  sector,  in  the  Greater 
Virunga  Landscape  was  assessed  in  6  springs  and  8  rivers  and  streams  in  the  sector.  Results  of  physicochemical  analysis  of 
the  water  samples  collected  in  springs  used  for  drinking  by  the  population  are  presented  in  table  1 . 


Table  1:  Seasonal  Variation  of  Mean  Physicochemical  Characteristics  of  Springs  in  Mikeno  Sector 


Season 

Indata 

Kamira 

Kamira 

Overflow 

Kiwerha 

Kanyamarembe 

Nyabisika 

Standards 

for 

Drinking* 

Alkalinity 

(mg/L) 

Rainy 

62 

22 

19 

17 

15 

18 

100-600 

Dry 

212 

68 

72 

60 

60 

24 

Calcium 

(mg/L) 

Rainy 

2.01 

0.89 

0.78 

1.45 

0.89 

0.45 

75 

Dry 

6.30 

3.15 

3.15 

2.86 

4.30 

2.86 

Calcium 
Hardness  (°F) 

Rainy 

5.03 

2.23 

1.96 

3.63 

2.23 

1.12 

20-50 

Dry 

15.75 

7.88 

7.88 

7.16 

10.74 

7.16 

Chloride 

(mg/L) 

Rainy 

48 

56 

60 

72 

72 

48 

200  -  250 

Dry 

44 

36 

36 

44 

56 

40 

COD  (mg/L) 

Rainy 

6.8 

19.6 

12.4 

7.6 

20.4 

13.2 

- 

Dry 

6.8 

6.8 

6 

4.8 

3.6 

4.4 

Discharge 

(m3/s) 

Rainy 

0.012 

0.001 

- 

0.0019 

0.0003 

0.00019 

- 

Dry 

0.006 

0.001 

0.0002 

0.0018 

0.0006 

0.00009 

DO  (mg/L) 

Rainy 

7 

6.5 

5.25 

6.5 

6.6 

5.1 

4.92  -  6.33 

Dry 

5.6 

4.6 

5 

5.8 

5 

9 

EC  (pS/cm) 

Rainy 

709 

202 

208.5 

197 

182.9 

125 

200 

Dry 

774 

228 

235 

225 

211 

158 

Magnesium 

(mg/L) 

Rainy 

1.27 

1.41 

2.28 

2.82 

1.61 

1.74 

30 

Dry 

6.01 

3.17 

0.07 

1.22 

1.34 

0.24 

Magnesium 
Hardness  (°F) 

Rainy 

5.31 

5.87 

9.5 

11.73 

6.7 

7.26 

30 

Dry 

25.05 

13.20 

0.28 

5.08 

5.58 

1 

nh4+ 

(pmol/L) 

Rainy 

0.06 

0.49 

0.69 

0.61 

0.69 

0.57 

- 

Dry 

3.22 

1.09 

3.05 

2.93 

2.46 

3.99 

no3 

(pmol/L) 

Rainy 

0.04 

0.07 

0.1 

0.08 

0.13 

0.11 

45 

Dry 

30.98 

14.21 

14.45 

17.41 

24.05 

24.72 

pH 

Rainy 

6.92 

7.2 

6.98 

7.01 

7.22 

7.48 

6.5 -8.5 

Dry 

6.81 

7.68 

7.75 

7.75 

7.92 

8.33 

SRP 

(pmol/L) 

Rainy 

0.58 

0.17 

0.35 

0.42 

0.44 

0.27 

- 

Dry 

0.53 

0.32 

0.49 

0.56 

0.59 

0.28 

Sulfate 

(mg/L) 

Rainy 

119.04 

176.64 

180.48 

161.28 

96 

138.24 

250-400 

Dry 

261.12 

99.84 

49.92 

53.76 

53.76 

96 

TDS  (mg/L) 

Rainy 

354.5 

101 

104.25 

98.5 

91.45 

62.5 

500 

Dry 

387 

114 

118 

112 

106 

78 

Temperature 

(°C) 

Rainy 

17.1 

17.5 

17.5 

17.2 

18.4 

17.2 

26.6 

Dry 

19.3 

17.8 

17.8 

18 

19.2 

19.6 

TN  (pmol/L) 

Rainy 

1.96 

3.74 

5.34 

4.67 

7.42 

6.36 

- 

Dry 

33.78 

14.83 

16.98 

19.92 

25.82 

28.24 

Total 

Hardness  (°F) 

Rainy 

10.34 

8.1 

11.45 

15.36 

8.94 

8.38 

300 

Dry 

40.8 

21.08 

8.16 

12.24 

16.32 

8.16 

TP  (pmol/L) 

Rainy 

0.61 

0.28 

0.52 

0.52 

0.57 

0.3 

- 

Dry 

0.54 

0.36 

0.5 

0.67 

0.59 

0.32 

TSS  (mg/L) 

Rainy 

0.04 

0.04 

0.04 

0.04 

0.04 

0.04 

500 

Dry 

0.06 

0.193 

0.186 

0.193 

0.195 

0.08 

*  Limit  recommended  by  World  Health  Organization  (WHO,  2011)  Guidelines  for  Drinking-water  Quality 


The  temperature  varied  seasonally  from  all  the  sampling  springs,  but  statistically  the  difference  is  not  significant 
(p  >0.05).  The  highest  value  of  water  temperature  was  recorded  in  dry  season  at  Nyabisika  spring  (19.6  °C)  and  the  lowest 
value  was  recorded  in  rainy  season  in  Indata  spring  (17.1  °C).  The  previous  study  carried  out  by  other  authors  in  the  city  of 
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Kinshasa  and  Kikwit  demonstrated  that  the  monthly  average  temperature  varied  from  25.0  to  26.8  °C  in  the  dry  season  and 
from  26.5  to  30.7  °C  during  the  wet  season  (Kapembo  el  al.,  2016;  Nienie  el  al.,  2017).  These  results  are  comparable  with 
other  published  data  obtained  in  similar  sites  under  tropical  conditions  (Nola  el  al.,  2013).  The  values  recorded  during  the 
two  seasons  are  between  the  WHO  standards  for  drinking  water  (WHO,  2004). 

pH  is  an  important  operational  water  quality  parameter.  In  the  aquatic  ecosystem,  pH  influences  the  solubility  of 
toxic  metals,  which  can  have  a  negative  effect  on  aquatic  living  organisms  and  human  health.  As  for  temperature,  the 
highest  value  of  pH  was  recorded  in  Nyabisika  spring  in  rainy  season  and  the  lowest  in  Indata  spring  in  dry  season.  In 
general,  in  the  study  area,  all  pH  values  recorded  during  the  period  were  ranging  between  6.5  and  8.5  as  recommended  by 
the  WHO  standards  for  drinking  water  (WHO,  2004).  The  geology  of  sampling  sites  could  possibly  be  responsible  for  the 
final  pH  recorded  in  the  spring. 

EC  is  a  measure  of  the  ability  of  an  aqueous  solution  to  carry  an  electric  current.  This  ability  depends  on  the 
presence  of  ions;  on  their  total  concentration,  mobility,  and  valence;  and  on  the  temperature  of  measurement.  Increasing 
levels  of  electrical  conductivity  are  due  to  the  decomposition  and  mineralization  of  organic  materials  (Abida,  2008).  EC  for 
all  springs  were  higher  (>200  pS/cm)  than  the  values  recommended  by  WHO  (2011),  except  Nyabisika,  Kiwerha  and 
Kanyamarebe  springs  in  Dry  season  and  Nyabisika  in  rain  season.  The  highest  values  of  EC  were  recorded  in  Indata  spring 
in  the  two  seasons  (774  and  709  pS/cm)  respectively  in  Dry  and  rainy  season.  TDS  values  in  all  the  springs  are  low  during 
the  sampling  period  throughout  the  two  seasons,  showing  the  turbidity  value  being  less  than  5NTU,  however,  the  water  for 
these  springs  are  suitable  for  human  consumption  (WHO,  2004). 

DO  is  one  of  the  important  parameters  in  water  quality  assessment  (Bagalwa  et  al.,  2014).  The  concentration  of 
DO  during  the  rainy  and  dry  seasons  is  within  the  recommended  WHO  limit  except  for  the  Kamira  spring  where  a  value  of 
4.6  mg/L  was  recorded  in  dry  season.  However,  highest  O2  value  was  found  during  the  dry  season  in  Nyabisika  9  mg/L. 
These  results  agree  with  a  recent  study  of  Ali  et  al.,  (2016)  performed  under  tropical  conditions.  Total  Hardness  varied 
from  8.10  -  40.8  °F  in  Kamira  spring  in  rainy  season  and  Indata  spring  in  dry  season  respectively.  According  to  the 
classification  of  hardness  of  water  (WHO,  2011),  the  spring  water  of  Mikeno  sector  can  be  classified  as  moderately  hard  to 
very  hard.  The  American  Water  Works  Association  indicates  that  ideal  quality  water  should  not  contain  more  than  80 
mg/L  of  total  hardness  as  CaC03.  However,  High  levels  of  total  hardness  are  not  considered  a  health  concern.  The  values 
obtained  in  the  Mikeno  sector  for  total  hardness  are  within  the  WHO  guideline  for  drinking  water  (WHO,  2011)  except  the 
Indata  spring  in  dry  season.  On  the  contrary,  calcium  is  an  important  component  of  the  cell  walls  of  aquatic  plants,  and  of 
the  bones  or  shells  of  aquatic  organisms.  Magnesium  is  an  essential  nutrient  for  plants,  and  is  a  component  of  chlorophyll. 
The  values  recorded  in  this  study  showed  a  variation  during  the  seasons.  Calcium  hardness  varied  from  1.12  to  15.5  °F  in 
rainy  season  in  Nyabisika  spring  and  dry  season  in  Indata  spring  respectively.  For  magnesium  hardness  the  lowest  value 
was  recorded  in  dry  season  in  Kamira  overflow  (0.27  °F)  and  the  highest  value  was  recorded  in  dry  season  in  Indata  spring 
(25.05  °F).  This  was  similar  for  calcium  and  magnesium  in  the  same  springs. 

Alkalinity  varied  also  from  one  site  to  another.  The  highest  value  was  recorded  at  the  Indata  spring  (212  mg/L) 
and  the  lowest  at  Kanyamarebe  spring  (15  mg/L)  in  the  dry  season  during  the  study  period.  The  concentrations  of 
dissolved  ions,  cations  (NH4+),  and  anions  (Cl",  SO42",  NO3",  PO43")  in  water  samples  from  the  springs  as  shown  in  Table  1 
varied  from  sites  and  seasons.  These  ions  were  found  to  be  present  in  lower  concentrations  in  spring  during  the  sampling 
period.  The  concentration  of  these  substances  in  the  spring  water  was  between  the  standards  suggested  by  WHO  for 
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drinking  water  (WHO,  2011).  The  concentration  of  dissolved  ions  does  not  follow  a  specific  seasonal  trend.  In  general,  the 

results  show  that  the  concentration  of  all  analysed  dissolved  ions  in  water  samples  from  wells  and  rivers  during  both 

seasons  falls  below  the  permissible  limit  of  the  WHO  recommendation  for  drinking  water  and  domestic  purposes  (WHO, 

2011).  However,  Indata  has  recorded  lowest  value  in  term  of  total  nitrogen. 

Results  of  physicochemical  analysis  of  the  water  samples  collected  in  rivers  and  streams  in  the  Mikeno  sector,  in 
the  Greater  Virunga  Landscape  are  presented  in  table  2. 


Table  2:  Seasonal  Variation  of  Mean  Physicochemical  Characteristics 
of  Water  in  Rivers  and  Streams  in  Mikeno  Sector 


Season 

Indata  Inlet 

Rwankwi 

Idanta  Outlet 

Rutshuru  Middle 

Rutshuru  Upstream 

Kamirha 

Knverha 

Kanyamarebe 

Standards 

Alkalinity 

(mgL) 

Rainy 

70 

59 

57 

49 

28 

30 

16 

24 

100  -  600 

Dry 

ND 

204 

204 

212 

92 

76 

56 

76 

BOD5  (mg  L) 

Rainy 

6.6 

14.4 

15.4 

8 

7.8 

21.2 

27.4 

24 

0-5.0 

Dry 

ND 

3.4 

1.6 

2.2 

3 

2.6 

ND 

2.6 

Calcium  (mg  L) 

Rainy 

1.68 

3.13 

1.45 

0.89 

1.23 

0.34 

0.78 

0.78 

75 

Dry 

ND 

5.44 

5.73 

4.30 

3.44 

3.44 

3.15 

3.15 

Calcium 

Hardness  (mgL) 

Rainv 

16.8 

31.3 

14.5 

8.9 

12.3 

3.4 

7.8 

7.8 

20-50 

Dry 

ND 

54.5 

57.3 

43.0 

34.4 

34.4 

31.6 

31.6 

Chloride  (mg  L) 

Rainv 

48 

64 

68 

108 

100 

64 

48 

52 

250 

Dry 

ND 

40 

32 

52 

36 

36 

28 

36 

COD  (mg  L) 

Rainy 

7.6 

8.4 

2.8 

13.2 

13.2 

12.4 

18 

16.4 

- 

Dry 

ND 

5.6 

3.2 

4.8 

4.8 

4 

4.4 

0.4 

Discharge  (m3  s) 

Rainy 

0.37 

1.27 

1 

29.8 

28.15 

0.031 

0.001 

0.0002 

- 

Dry 

0.16 

0.59 

2.89 

25.71 

23.99 

0.001 

0.7 

0.0006 

DO  (mg  L) 

Rainy 

4.7 

6.9 

10.5 

7.2 

8.4 

6.2 

7.9 

6 

4.96  -  6.33 

Dry 

4.6 

4.4 

4.4 

4.6 

6 

4.8 

5.6 

4.4 

EC  (pS/cm) 

Rainy 

714 

627 

676 

561 

294 

207 

193.7 

181.2 

200 

Drv 

776 

717 

687 

678 

678 

235 

220 

208 

Magnesium 

(mgL) 

Rainv 

14.93 

18.99 

4.76 

21.03 

4.76 

25.11 

16.95 

18.31 

30 

Dry 

ND 

1.75 

3.20 

11.90 

10.51 

22.07 

22.14 

13.89 

Magnesium 
Hardness  (mgL) 

Rainy 

6.15 

7.82 

1.96 

8.66 

1.96 

10.34 

6.98 

7.54 

30 

Dry 

ND 

0.72 

1.32 

4.90 

4.33 

9.09 

9.12 

5.72 

NHr  (pmoLL) 

Rainv 

0.07 

0.04 

0.28 

0.34 

0.65 

0.46 

0.59 

0.76 

Dry 

ND 

3.38 

2.22 

1.5 

1.44 

1.51 

3.12 

1.22 

NO3-  (pmoLL) 

Rainv 

0.06 

0.11 

0.09 

0.09 

0.16 

0.1 

0.1 

0.14 

45 

Dry 

ND 

18.54 

23.61 

16.91 

18.77 

10.91 

20.77 

14.94 

PH 

Rainv 

6.15 

7.65 

7.37 

7.56 

7.7 

7.5 

7.29 

7.31 

6.5 -8.5 

Dry 

6.89 

8.66 

8.82 

8.55 

8.52 

8.07 

8.36 

8.02 

SRP  (pmoLL) 

Rainv 

0.61 

0.52 

0.5 

0.15 

0.07 

0.52 

0.35 

0.48 

- 

Dry 

ND 

0.48 

0.44 

0.25 

0.16 

0.36 

0.46 

0.56 

Sulfate  (mg  L) 

Rainy 

138.24 

245.76 

84.48 

92.16 

126.72 

157.44 

142.08 

172.8 

150 

Dry 

ND 

80.64 

119.04 

130.56 

107.52 

107.52 

92.16 

84.48 

TDS  (mg  L) 

Rainv 

357 

313.5 

338 

280.5 

147 

103.5 

96.85 

90.6 

500 

Dry 

387 

359 

343 

339 

355 

117 

110 

104 

Temperature  (°C) 

Rainv 

17.2 

19.9 

18.3 

21.8 

21 

17.6 

18.3 

19.6 

26.6 

Dry 

19.4 

22 

19.9 

21.3 

20.2 

18.2 

18.9 

19.1 

TN  (pmoLL) 

Rainv 

3.09 

6.29 

5.12 

5.27 

9.08 

5.85 

5.3 

7.97 

- 

Dry 

ND 

21.18 

25.36 

17.93 

19.73 

12.05 

23.21 

15.32 

Total  Hardness 
(mgL) 

Rainy 

103.4 

156.4 

55.9 

108.9 

50.3 

111.7 

89.4 

95 

300 

Dry 

ND 

143.2 

156.4 

156.4 

129.2 

176.8 

170 

136 

TP  (pmoLL) 

Rainv 

0.57 

0.87 

0.55 

0.3 

0.43 

0.53 

0.43 

0.66 

- 

Dry 

ND 

0.5 

0.49 

0.3 

0.17 

0.48 

0.51 

0.69 

TSS  (mgL) 

Rainy 

0.12 

0.16 

0.16 

0.32 

0.16 

0.08 

0.04 

0.12 

500 

Drv 

ND 

0.20 

0.20 

0.20 

0.23 

0.22 

0.19 

0.11 

Physicochemical  parameters  vary  from  one  season  to  the  other.  The  results  of  different  sites  presented  in  these 
tables  (Table  1  and  table  2)  show  that  the  temperature  is  high  in  river  Indata  Lime  (21.8  °C)  and  low  in  Indata  source 
(17.1°C).  This  temperature  has  increased  in  general  in  some  sites  compared  to  the  previous  sampling  in  rainy  season  of 
2015  (16  to  20  °C).  The  high  temperatures  recorded  in  some  sites  are  probably  due  to  the  vegetation  cutting  near  the  water 
body.  The  fluctuation  in  river  water  temperature  usually  depends  on  the  season,  geographic  location,  sampling  time  and 
temperature  of  effluents  entering  the  stream  (Ahipathy,  2006). 


In  general,  the  temperature  was  higher  in  2016  than  in  2015  in  many  sites  investigated.  The  high  temperature 
value  was  probably  due  to  the  vegetation  cut  near  sampling  sites  and  also  the  erosion  occurring  during  the  rainy  season 
between  the  two  periods  of  study. 
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In  the  different  samples,  pH  varied  from  6.15  to  7.65.  The  highest  pH  was  recorded  in  the  river  Indata  Lime  and 
the  lowest  pH  at  the  site  of  Indata  River.  These  values  of  pH  are  high  compared  to  the  data  recorded  in  rainy  season  in 
2015  in  the  same  sites.  pH  recorded  during  the  sampling  period  in  the  different  sites  are  within  the  WHO  standards  range 
(WHO,  2004)  and  with  the  data  in  the  watershed,  obtained  by  other  authors  (Mbalassa  et  al.,  2014). 

DO  varied  in  the  different  sampling  sites.  The  highest  DO  concentration  was  recorded  in  the  river  Rwanki  and  the 
lowest  DO  in  the  river  Indata.  Comparatively  to  previous  data  from  rainy  season  from  2015  (5.42  to  7.78  mg/L),  an 
increase/or  a  decrease  of  DO  is  observed  in  some  sites  (4.7  to  10.5  mg/L).  This  was  probably  due  to  the  erosion  occurring 
near  and  in  the  sites,  which  brought  material  excess  in  the  water  body.  DO  is  higher  than  6  mg/L  except  in  the  sampling 
site  of  Indata  River  (4.7  mg/L).  The  highest  values  recorded  in  the  sampling  sites  were  also  reported  by  Karume  et  al., 
(2016)  in  the  Greater  Virunga  Landscape.  The  high  velocity  and  low  temperature  (>  22°C)  are  the  reasons  why  the  DO  is 
high  in  the  sites. 

This  is  also,  confirmed  by  the  results  of  BOD5  and  COD.  COD  is  the  amount  of  oxygen  consumed  during  the 
chemical  oxidation  of  organic  matter  using  strong  oxidizing  agent  like  acidified  potassium  dichromate.  The  COD  is  linked 
with  heavy  pollution.  It  is  commonly  used  to  indirectly  measure  the  number  of  organic  compounds  in  water.  The  measure 
of  COD  determines  the  quantities  of  organic  matter  found  in  water.  This  makes  COD  useful  as  an  indicator  of  organic 
pollution  in  surface  water  (Faith,  2006).  COD  is  ranged  between  2.8  and  20.4  mg/L  in  the  sampling  sites.  BOD5  is  a 
measure  of  the  oxygen  in  the  water  that  is  required  by  the  aerobic  organisms.  It  is  the  amount  of  oxygen  required  by  the 
bacteria  in  stabilizing  the  decomposable  organic  matter.  The  aim  of  BOD5  test  is  to  determine  the  amount  of  bio¬ 
chemically  oxidizable  carbonaceous  matter  (Gupta  et  al.,  2003).  The  bio-degradation  of  organic  materials  exerts  oxygen 
tension  in  the  water  and  increases  the  biochemical  oxygen  demand  (Abida,  2008).  BOD5  directly  affects  the  amount  of 
dissolved  oxygen  in  rivers.  The  greater  the  BOD5,  the  more  rapidly  oxygen  is  depleted  in  the  river.  Sources  of  BOD5 
include  leaves  and  woody  debris;  dead  plants  and  animals;  animal  manure;  faecal  matter  and  urban  storm  water  runoff 
(USEPA,  1997).  BOD5  from  rivers  in  the  study  area  was  about  6.6  to  27.4  mg/L.  compared  to  previous  data  from  rain 
season  in  2015,  the  COD  has  decreased  and  BOD5  has  increased  due  to  the  same  raisons  evoked  before. 

The  highest  EC  was  recorded  at  the  river  Indata  (714  pS/cm)  and  the  lowest  electrical  conductibility  at  the  river 
Kabareberebe.  This  was  also  observed  in  the  previous  samples  in  2015.  High  EC  indicates  a  large  quantity  of  dissolved 
minerals,  salt,  thereby  making  it  sour  and  unsuitable  for  drinking  (Srivastava  and  Sinha,  1996).  The  maximum  permissible 
limit  of  this  parameter  for  drinking  water  is  300pS/cm.  However,  the  average  specific  conductivity  exceeds  this  limit 
because  of  its  high  values  during  rainy  season.  This  was  also  observed  by  Jayaseelan  et  al.,  (2015)  in  Tamil  Nadu  in  India. 
The  lowest  value  recorded  in  rainy  season  is  due  to  the  floods  and  rain  water,  which  contains  more  electrolytes  and  reduces 
the  EC  in  running  water. 

The  same  observation  was  also  found  with  TDS  data.  TDS  is  a  measure  of  the  combined  content  of  all  inorganic 
and  organic  substances  contained  in  a  liquid  in  molecular,  ionized  or  micro  granular  suspended  form.  The  permissible  limit 
of  TDS  of  drinking  water  is  500  mg/1  (WHO,  2004).  TDS  is  high  in  the  rivers  and  streams  in  the  Mikeno  sector  during  the 
dry  season.  The  highest  value  (387  mg/L)  of  TDS  was  recorded  at  Indata  inlet  site  while  the  lowest  value  (84.48  mg/L) 
was  recorded  at  the  Kanyamarebe  site.  The  observation  shows  that  the  TDS  is  within  the  permissible  range  as  prescribed 
by  WHO  (2004)  in  the  rivers  and  streams  in  Mikeno  sector.  These  changes  in  water  quality  may  be  attributed  to  the  local 
climatic  conditions  and  water  exchange  mechanisms.  But,  the  values  were  in  the  range  of  standard  water  quality  for 
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drinking  (WHO,  2004).  It  is  known  that  the  quality  of  surface  water  within  a  region  is  governed  by  both  natural  processes 
(such  as  precipitation  rate,  weathering  processes  and  soil  erosion)  and  anthropogenic  effects  (such  as  urban,  industrial  and 
agricultural  activities  and  human  exploitation  of  water  resources)  (Shetty  et  al.,  2013). 

The  values  of  total  alkalinity  were  comparatively  moderate.  The  highest  values  were  recorded  in  dry  season  in  all 
rivers  and  streams.  The  water  for  domestic  use  having  alkalinity  less  than  100  mg/1  is  safe.  The  values  obtained  for  the 
Mikeno  sector  are  low  than  the  values  recorded  by  Saravana  et  al.,  (201 1)  in  Tamil  Nadu  in  India. 

Total  hardness  was  found  in  the  sample  water  ranges  from  50-177  mg/1,  which  shows  that  water  is  safe  for 
drinking  purpose.  Hardness  has  no  known  adverse  effects  on  health.  However,  maximum  permissible  level  prescribed  by 
WHO  for  drinking  water  is  300  mg/1.  According  to  some  classifications,  water  having  hardness  up  to  75  mg/1  is  classified 
as  soft,  76-150  mg/1  is  moderately  soft,  151-300  mg/1  as  hard  (Dufor  and  Becker,  1964)  and  more  than  300  mg/1  as  very 
hard.  On  this  basis,  the  results  show  that  all  the  samples  were  moderately  soft  except  sample  Rwanki  (156.4  mg/L)  in  rainy 
season  (Ravisankar  and  Poogothai,  2008)  and  for  Idanta  outlet,  Rutshuru  middle  (156.4  mg/L),  Kamirha  (176.8  mg/L)  and 
Kiwerha  (170  mg/L)  in  the  dry  season. 

The  chloride  content  of  the  water  samples  was  low  in  rainy  season.  According  to  WHO,  the  maximum 
permissible  limit  for  chloride  is  250  mg/1.  Chloride  varied  from  28  -  108  mg/L  in  all  the  sampling  sites.  The  value 
observed  in  the  present  study  is  in  the  range  of  permissible  limit  (Ravisankar  and  Poogothai,  2008). 

The  sulphate  content  varies  between  81  to  246  mg/1.  It  doesn’t  have  a  specific  seasonal  trend  in  the  sampling  sites 
on  rivers  and  streams  in  Mikeno  sector.  Some  sampling  sites  have  high  values  in  dry  season  and  others  in  rainy  season. 
This  was  also  noted  in  the  values  recorded  for  TSS  in  different  samples.  Sulphate  values  were  also  found  to  be  within  the 
prescribed  limits. 

Total  hardness  (5.03  -  15.36  °F),  calcium  hardness  (1.12  -  7.82  °F),  magnesium  hardness  (1.96  -  11.73  °F), 
alkalinity  (15  -  70  mg/L),  chloride  (48  -  108  mg/L)  and  sulphate  (84.48  -  245.76  mg/L)  varied  also  from  one  site  to 
another.  Compared  to  previous  data  from  rain  season  in  2015,  total  hardness,  calcium  hardness,  alkalinity  has  decreased 
where  magnesium  hardness  has  increased  and  chloride,  sulphate  has  less  fluctuated  in  some  sites.  Man  and  animals  excrete 
high  quantities  of  chloride;  therefore  it  indicates  sewage  contamination  (Sangpal  et  al.,  2011).  The  alkalinity  of  natural 
water  is  due  primarily  to  the  salts  of  weak  acids,  although  weak  or  strong  bases  may  also  contribute.  Bicarbonate 
represents  the  major  form  of  alkalinity,  with  that  carbonate  and  hydroxide  alkalinity  also.  But  all  these  concentrations  of 
different  chemicals  are  within  the  WHO  standards.  TSS  varied  from  sites  to  sites  and  from  one  period  rainy  season  2015  to 
one  season  2016. 

Total  phosphorus  (0.28  -  0.87  pmole/L),  soluble  reactive  phosphorus  (0.07  -  0.58  pmole/L),  total  nitrogen  (1.96 
-  9.08  pmole/L),  ammonia  (0.04  -  0.76  pmole/L)  and  nitrate  (0.04  -  0.16  pmole/L)  are  low  in  all  the  samples  and  the 
results  showed  that  most  of  the  measured  values  of  these  parameters  are  within  the  WHO  guidelines  for  drinking  water 
quality  (WHO,  2004).  Nutrients  in  general  varied  from  site  to  site  and  from  season  to  season.  The  ammonia  nitrogen 
concentrations  varied  from  0.25  -  8.14  mg/L,  the  concentrations  of  total  phosphorus  ranged  from  0.035-  0.665  mg/L.  But 
we  can  observe  an  increase  compared  to  data  from  previous  data  during  rainy  season  in  2015  for  both  TP  and  TN. 
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3.2.  Bacteriological  Aspects 

The  results  for  bacteriology  of  water  samples  at  different  sampling  sites  collected  in  the  2016  rainy  season  are 
presented  in  table  3. 


Table  3:  Bacteriology  Result  in  Rain  and  Dry  Season  in  Mikeno  Sector 


Season 

Klesbiella 

Enterobacter 

E. 

coli 

Hafnia 

Serratia 

C’itrobacter 

Salmonella 
&  Shigella 

Vibrio 

Cholerae 

Indata  spring 

Rainy 

1400 

0 

0 

0 

0 

0 

0 

0 

Drv 

0 

0 

0 

0 

0 

0 

0 

0 

Indata  inlet 
river 

Rainy 

8000 

0 

0 

0 

0 

0 

0 

0 

Dry 

0 

0 

0 

0 

0 

0 

0 

0 

Indata  outlet 
river 

Rainy 

2400 

4200 

0 

0 

0 

0 

0 

0 

Dry 

0 

0 

0 

0 

0 

0 

0 

0 

Kamirha  inlet 
river 

Rainy 

0 

4400 

0 

0 

0 

0 

0 

0 

Dry 

1300 

0 

0 

0 

0 

0 

0 

0 

Kamirha 

outflow 

reservoir 

Rainy 

0 

3200 

1600 

0 

0 

0 

0 

0 

Dry 

0 

0 

0 

0 

0 

0 

0 

0 

Kamirha  spring 

Rainy 

0 

0 

0 

0 

0 

0 

0 

0 

Dry 

0 

0 

0 

0 

0 

0 

0 

0 

Kanvamarebe 
inlet  river 

Rainy 

5400 

0 

0 

2000 

0 

0 

0 

0 

Drv 

0 

0 

2500 

0 

0 

1300 

0 

0 

Kanvamarebe 

spring 

Rainy 

0 

0 

0 

0 

0 

0 

0 

0 

Dry 

0 

0 

0 

0 

0 

0 

0 

0 

Kiwerha  inlet 
river 

Rainy 

4600 

4400 

0 

0 

0 

0 

0 

0 

Dry 

0 

0 

1300 

0 

0 

0 

0 

0 

Kiwerha  spring 

Rainy 

0 

1200 

0 

0 

0 

0 

0 

0 

Dry 

0 

0 

0 

0 

0 

0 

0 

0 

Nyabisika 

spring 

Rainy 

0 

600 

0 

0 

1600 

0 

0 

0 

Drv 

0 

0 

0 

0 

0 

0 

0 

0 

Rut  shuru 
middle  river 

Rainy 

0 

2000 

0 

0 

0 

0 

0 

0 

Dry 

0 

1300 

0 

0 

0 

0 

0 

0 

Rut  shuru 
upstream  river 

Rainy 

3300 

1200 

0 

0 

0 

0 

0 

0 

Drv 

0 

0 

2500 

0 

0 

0 

0 

0 

Rwankwi  river 

Rainy 

1500 

0 

0 

0 

0 

0 

0 

0 

Dry 

0 

0 

0 

0 

0 

3000 

0 

0 

Bacteriological  analysis  of  different  samples  shows  the  presence  of  5  bacterial  species  such  as  Klesbiella, 
Enterobacter,  Escherichia  coli,  Hafnia  and  Serratia.  Salmonella  &  Shigella  and  Vibrio  cholerae  were  negative  in  all  the 
water  samples  in  Mikeno  sector.  Klesbiella  was  found  in  8  sites  while  Enterobacter  in  9  sites.  E.  coli  was  found  in  4  sites 
were  Hafnia  and  Serratia  in  one  site.  Compared  to  previous  results  of  Karume  et  al.,  (2016)  and  Bagalwa  el  al.,  (2014), 
Escherichia  coli  was  found  in  many  sampling  sites.  Salmonella  &  Shigella  and  Vibrio  cholerae  were  not  found  in  Great 
Virunga  by  Karume  el  al.,  (2016)  but  were  found  by  Bagalwa  et  al.,  (2014).  The  presence  of  faecal  materials  in  water 
originates  from  human  and  animals  and  high  erosion  rate  near  the  water  body,  which  are  the  reasons  of  the  water  pollution 
of  different  bacteria  in  water  sampling.  These  high  counts  of  bacterial  could  be  due  to  high  levels  of  organic  matter  and 
faecal  material  present  in  the  water  and  around  the  sources.  This  was  also  observed  in  Lagoon  in  Cameroun  (Akoachere  et 
al.,  2008).  In  the  major  tributary  rivers  in  the  watershed  of  Lake  Eduard,  E.  coli.  Vibrio  cholera  and  Klesbiella  were 
recorded  (Bagalwa  et  al.,  2014).  The  presence  of  coliforms  in  water  is  a  warning  signal  that  more  dangerous  bacteria  may 
be  present.  Diseases  resulting  from  ingestion  of  pathogens  in  contaminated  water  have  the  greatest  public  health  impact 
worldwide.  Presence  of  faecal  coliforms  or  E.  coli  is  used  as  an  indicator  for  the  presence  of  any  of  the  waterborne 
pathogens  (Bengania  et  al.,  2015). 
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Compared  the  bacteriological  aspect,  the  dry  season  was  higher  in  bacteria.  High  values  of  bacteria  were  found 

during  the  dry  season  and  specifics  one  as  Klesbiella. 

Bacteriological  analysis  of  different  samples  shows  the  presence  of  5  species  of  bacteria  such  as  Klesbiella, 
Enterobacter,  Escherichia  coli,  Hafnia  and  Serratia.  Only  2  sites  (Kamira  source  1  and  Kanyamarebe  source)  were  exempt 
of  different  form  of  bacteria.  Klesbiella  was  found  in  7  sites  while  Enterobacter  in  8  sites.  E.  coli  was  found  in  Kamira 
source  site,  Hafnia  in  Kabareberebe  source  and  Serratia  in  Kanyamarebe  River.  Compared  to  previous  sample  in  2015  only 
2  sites  were  contaminated  with  E.  coli  (Indata  river  and  Rwanki),  this  period,  high  number  of  sampling  site  was 
contaminated.  These  high  counts  of  bacterial  could  be  due  to  high  levels  of  organic  matter  and  fecal  material  present  in  the 
water  and  around  the  sources.  This  was  also  observed  in  Lagoon  in  Cameroun  (Akoachere  et  al.,  2008).  In  the  major 
Tributaries  Rivers  in  the  watershed  of  Lake  Eduard,  E.  coli.  Vibrio  cholera  and  Klesbiella  were  recorded  (Bagalwa  et  al., 
2014).  E.  coli  is  the  most  common  in  the  samples  in  this  study  while  Klesbiella  is  the  most  in  the  present  study.  Vibrio 
cholera,  salmonella  and  shigella  bacteria  were  not  found  in  the  samples  during  this  sampling  period. 

3.3.  Macroinvertebrate  Assemblage 

Macroinvertebrate  collected  in  different  rivers  in  the  Mikeno  sector  during  the  year  2015  and  2016  in  the  rainy 
and  dry  seasons  are  presented  in  table  4. 


Table  4:  Macroinvertebrate  Taxa  in  the  Rivers  in  the  Mikeno 
Sector  during  the  Two  Years  (2015  and  2016) 


Taxa 

Indata 

River 

Rwankwi 

River 

Indata 

River 

(Chaux) 

Rutshuru 

River 

(Middle) 

Rutshuru 

River 

(Inlet) 

Kihwera 

River 

Kanyamare 
be  River 

Nyabisika 

River 

Kamira 

River 

2016 

2015 

2016 

2015 

2016 

2015 

2016 

2015 

2016 

2015 

2016 

2015 

2016 

2015 

2016 

2015 

2016 

2015 

Isogenus  modesta 

2 

Baetis  sp 

4 

4 

2 

3 

4 

Stenonema  frontale 

7 

Afronurus  sp 

1 

Polycentropus  sp 

2 

Chinama  eterima 

1 

Hydropsyche  simulans 

2 

2 

2 

4 

1 

Glossosoma  sp 

2 

Speudogrion  sp 

2 

Coenagrion  sp 

5 

3 

4 

1 

8 

1 

Tachopteryx  thorey 

6 

Chloroperlinae  (NI) 

1 

1 

Progomphus  obtectus 

2 

Aeschna  sp 

2 

1 

Corydalus  cornutus 

1 

Eristalis  sp 

1 

Chironomus  tentas 

7 

6 

6 

9 

Culex  albipes 

1 

Culex  sp 

1 

Simulium  sp 

10 

9 

3 

5 

2 

Psychoda  sp 

3 

5 

2 

Odontomyia  cincta 

1 

Palpomyia  sp 

1 

3 

3 

Tabanus  sp 

1 

1 

Gerris  lacustris 

1 

6 

8 

1 

3 

12 

Hydrometra  sp 

1 

Ranatra  fusca 

4 

Pelocoris  femoratus 

3 

Scirtes  sp 

1 

Phanocerus  clavicornis 

2 

Amphizoa  lecontei 

1 

Agyronecta  aquatica 

2 

1 

1 

Agyronecta  sp 

1 

Potamogeton  sp 

7 

8 

2 

1 

1 

4 

Palaemonetes  sp 

1 

Gordius  sp 

1 

1 

Helobdella  sp 

8 

1 
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Macroinvertebrate  sampling  in  the  different  rivers  shows  3  classes  of  macroinvertebrates  (insecta,  nematoda  and 
mollusca),  15  orders,  37  families  and  41  species. 

Rwanki  River  has  the  highest  specific  diversity  (19  species)  and  Nyabisika  has  the  lowest  number  of  taxa  during 
the  sampling  period.  Some  species  were  found  in  the  2  sampling  periods  in  rainy  or  dry  seasons  (Baetis  sp,  Simulium  sp, 
Pschoda  sp  and  Potamogeton  sp).  The  presence  of  tolerant  taxa  in  some  rivers  shows  that  some  rivers  in  the  region  still 
pristine.  The  macroinvertebrate  assemblage  collected  in  the  period  of  study  shows  that  the  number  of  individual  species  in 
the  rivers  varied  during  the  two  years  of  study.  This  was  probably  due  to  chemical  stressors  (conductibility,  dissolved 
oxygen,  pH,  total  suspend  solid),  physical  stressors  (streambed  stability,  riparian  vegetation)  and  biological  stressors 
(native  and  non-native)  as  observed  in  other  rivers  in  the  world  (Paretti  and  Robison,  2007). 

Macroinvertebrate  sampling  in  the  different  rivers  shows  3  classes  of  macroinvertebrates  (insecta,  nematoda  and 
mollusca),  15  orders,  37  families  and  41  species. 

Rwanki  River  has  the  highest  specific  diversity  (19  species)  and  Nyabisika  has  the  lowest  number  of  taxa  during 
the  sampling  period.  Some  species  were  found  in  the  2  sampling  periods  in  rainy  or  dry  seasons  ( Baetis  sp,  Simulium  sp, 
Pschoda  sp  and  Potamogeton  sp).  The  presence  of  tolerant  taxa  in  some  rivers  shows  that  some  rivers  in  the  region  still 
pristine.  The  macroinvertebrate  assemblage  collected  in  the  period  of  study  shows  that  the  number  of  individual  species  in 
the  rivers  varied  during  the  two  years  of  study.  This  was  probably  due  to  chemical  stressors  (conductibility,  dissolved 
oxygen,  pH,  total  suspend  solid),  physical  stressors  (streambed  stability,  riparian  vegetation)  and  biological  stressors 
(native  and  non-native)  as  observed  in  other  rivers  in  the  world  (Paretti  and  Robison,  2007).  The  specific  richness  in  the 
sampling  site  is  presented  in  the  figure  2. 

■  Year  2015  ■  Year  2016 

Kamira  River 
Nyabisika  River 
Kanyamarebe  River 
Kihwera  River 
Rutshuru  River  (inlet) 

Rutshuru  River  (middle) 

Indata  River  (Chaux) 

Rwankwi  River 
Indata  River 

0  2  4  6  8  10  12 

Specific  richness  (number) 

Figure  2:  Specific  Richness  in  Rivers  Samping  Sites 
During  the  Two  Years  2015  and  2016 

The  specific  richness  is  low  compared  to  other  studies  in  the  tropical  region  (Bagalwa  et  al.,  2013)  but  it  is 
comparable  with  the  results  in  the  Great  region  (Karume  et  al.,  2016).  This  low  specific  richness  was  due  to  the  bad 
conditions  of  sampling  in  rain  time  when  water  flow  was  high  and  difficult  for  sampling  at  the  riverbank.  In  rainy  period 
the  volume  of  water  in  the  rivers  was  high  and  the  sampling  was  difficult  to  realize.  In  the  accessible  sites  anthropogenic 
activities  reduced  the  vegetation  on  the  riverbanks,  which  causes  water  deterioration.  Species  diversity  is  positively 
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correlated  with  water  quality.  It  was  observed  that  the  diversity  of  tropical  aquatic  ecosystems  is  severely  threatened  by 
anthropogenic  activities  (Haileselasie  and  Teferi,  2012). 

4.  CONCLUSIONS  AND  RECOMMENDATION 

Water  quality  and  quantity  in  rural  area  in  many  African  countries  remains  a  serious  deal  and  a  priority  action. 
This  study  contributes  to  understand  and  evaluate  the  water  quantity  and  quality  in  order  to  provide  water  of  appropriate 
quality  to  various  water  users  in  Mikeno  sector,  Virunga  landscape.  The  quality  of  water  obtained  from  these  sampling 
points  is  generally  good  to  use  for  different  domestic  purposes. 

In  order  to  improve  the  quality  of  water  in  these  landscapes,  communities  need  to  engage  in  watershed 
management  practices  such  as  soil  and  water  conservation,  to  limit  the  amount  of  pollutants  reaching  the  waterways.  In 
addition,  sanitation  and  health  education  of  the  communities  need  to  be  strengthened  and  urge  them  to  use  the  latrines  and 
thus  reduce  faecal  contamination  of  the  water  sources. 

The  communities  around  the  protected  area  systems  need  to  be  sensitized  about  the  link  between  water  resources 
and  the  protection  of  watersheds  and  how  this  influences  livelihoods  and  human  health.  Incentives  need  to  be  given  to 
communities  that  conserve  watersheds  and  provide  clean  water  to  downstream  communities.  The  incentives  may  be  in  the 
form  of  market-based  approaches  to  conservation,  such  payment  for  water  services.  Commissioning  and  training  of 
population  in  the  region  on  water  cleaning  and  water  sanitation:  Chlorination,  filtration,  boiling,  etc.,  need  to  be  given  to 
the  communities  in  the  Mikeno  Sector.  Future  macroinvertebrate  studies  in  the  ecoregion  should  examine  long-term 
temporal  variation  in  communities  among  site  classifications,  particularly  when  assessing  impacts  of  a  major  perturbation. 
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